When supplemented to the culture medium of mushroom Coprinus cinereus, rice husks soaked beforehand in methanol stimulated mycelia growth up to a concentration of 80 mg/ml dose-dependently, whereas the nontreated stimulated mycelia growth up to 20 mg/ml. This result suggests the existence of both stimulatory and inhibitory substances in rice husks. Since momilactone A (MLA) is recognized as one of the phytoalexins in rice husks, its biological activity against mycelia growth was tested. Momilactone A inhibited mycelia growth at 5 g/disc, whereas the methanol extract of husks did so at 1 mg/disc, wherein 0.2 g of MLA was estimated by LC/MS/MS. Thus the phytoalexins including MLA should inhibit mycelia growth. Rice husks stimulated mycelia growth in some edible mushroom species such as Grifola frondosa (maitake), Lentinus edodes (shiitake), Pleurotus eryngii (eringi), and P. ostreatus (hiratake). Our findings might lead to the development of new profitable cultivation methods for mushrooms using rice husks.
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Key words: rice husk; mushroom; momilactone A Mushrooms have become more and more important foodstuffs because of their possible preventive roles against human lifestyle-related diseases such as hyperlipidemia and diabetes. 1, 2) So far, over 100 species of mushrooms have been cultivated experimentally under artificial conditions, and some of these have been successful in commercial cultivation.
3) Most of the commercially cultivated mushrooms are produced in growing facilities where temperature, humidity, and lighting are controlled strictly. Thus from the industrial point of view, reduction of the time required for culture is one of the keys to reduce the running cost of the growing facilities. For this purpose, chemical substances affecting the growth of mycelia or fruiting bodies of mushrooms have been studied. Some substances which influence the mycelia growth of several mushrooms have been reported previously. Inaba et al. showed that sulfonated monosaccharides stimulated mycelia growth in Flammulina velutipes, Lentinus edodes, and Pleurotus ostreatus.
4) Terashita et al. also discussed the inhibitory effects of chitin and related substances on mycelia growth and fruiting body formation in Favolus arcularius, F. velutipes, L. edodes, and P. ostreatus.
5) But these compounds have not been used practically. Inexpensive methods for reduction of the time required for culture of mushrooms are needed.
Saprotrophic mushrooms can decay leaves and wood into carbohydrates or amino acids by secretory enzymes, and assimilate them as nutrition. Focusing on their ability to bioconvert lignocellulosic materials, they have been investigated as a method to dispose of lignocellulosic waste. 4, 6, 7) One of the most serious wastes in Japan is rice husks generated from rice cultivation. Rice husks have been disposed of by incineration or as farmyard manure, but better methods have been looked for because the silicic acid content of husks is approximately 20% of their weight. Although rice husks have been used experimentally as a substitute or an additive for sawdust used for the culture media of mushrooms globally, these attempts appear to be not successful to date. 7) Here we wish to report effects of rice husks on the growth of mycelia of some mushrooms and the possible exploitation of rice husks for some edible mushroom cultures.
Materials and Methods
Strains of mushroom species. Coprinus cinereus (Japanese common name, nenaganohitoyotake), Lentinus edodes H600 (shiitake), and Pleurotus ostreatus Mori no. 39 (hiratake) were obtained from Dr. Sonoe O. Yanagi (Akita Prefectural University, Akita, Japan). Grifola frondosa Mori no. 51 (maitake), and Pleurotus eryngii (eringi) were purchased from Mori and Company (Gunma, Japan), and Kinokkusu Corporation (Miyagi, Japan), respectively. A dikaryotic strain of each mushroom was spotted on the center of a 1.5% agar plate of MYG (10 g/l malt extract, 4 g/l yeast extract, and 4 g/l glucose) medium in a 9 cm Petri dish, and y To whom correspondence should be addressed. Tel: +81-18-872-1634; Fax: +81-18-872-1678; E-mail: hanai@akita-pu.ac.jp Abbreviation: MLA, momilactone A grown at 22 C (P. eryngii) or 28 C (other species) at RH 80%. Seven to 16 days after inoculation, the Petri dishes on which the mycelia grew equally and entirely were chosen as the preculture and stored at 4 C until use.
Preparation of rice husks. Husks of rice (Oryza sativa L. cv. Akitakomachi) were crushed with a hammer mill and the resulting powder was used as non-treated husks. Approximately 3 kg of the non-treated husks were soaked in 18-liter (total volume) of methanol for more than 2 weeks at room temperature. After filtration and desiccation the residual powder was referred to as methanol-soaked husks and both husks were used for further experiments.
Bioassay for stimulatory activity on mycelia growth. An appropriate amount of rice husks was weighed into a Petri dish followed by autoclaving. Ten milliliters of sterilized MYG agar medium were poured in the Petri dish. Then a 5 mm diameter inoculant punched out from the preculture was placed on the center of the surface of the medium and grown under the conditions described above. Four to eight days after inoculation, the diameter of each colony was measured with a caliper. For bioassay of aqueous extract of the methanol-soaked husks (see below), a 35 mm Petri dish and a 3 mm diameter inoculant were adopted instead of a 9 cm Petri dish and a 5 mm inoculant, respectively. The colony diameter on each dish was measured after 2 d.
Bioassay for inhibitory activity on mycelia growth. An appropriate amount of an assay sample was dissolved in methanol. An aliquot (generally 50 ml) of the solution was applied onto a paper disc (8 mm diameter, 0.7 mm thickness) and the solvent was removed in vacuo. A control disc was prepared in the same way by applying methanol instead of the test solution. A 5 mm diameter inoculant of C. cinereus was placed on the center of MYG agar medium in a 9 cm Petri dish. Sample and control discs were placed diagonally on the surface of the medium at a distance of 2.3 cm from the center of the dish, and the other set was placed orthogonally to the first set. The plates were incubated in a growth chamber at 28 C at RH 80%. Four days after inoculation, the distances from a growing front edge of mycelia to a paper disc were measured with a caliper. Inhibitory activity was expressed as a relative value, the distance of a sample paper disc being divided by that of a control disc.
Extraction of lipophilic compounds from rice husks. Six solutions where 30 g of rice husks was suspended in 300 ml of methanol were prepared and refluxed for 0, 1, 2, 3, 4, or 5 h respectively. The residual husks were filtrated and dried. The activity of each refluxed husks was assessed. The amounts of momilactone A in the filtrates were measured by LC/MS/MS (see below).
Extraction of hydrophilic compounds from rice husks. 320 g of the methanol-soaked husks was suspended in 1-liter of water and left for 3 d at room temperature. The aqueous extract was obtained by filtration and dried in vacuo.
Quantification of momilactone A. Authentic momilactone A was obtained from Dr. Osamu Kodama (Ibaraki University, Ibaraki, Japan). LC/MS/MS was carried out with an Agilent 1100 LC system (Agilent Technologies, Palo Alto, CA) and an API 2000 spectrometer (Applied Biosystems, Foster City, CA) with a CAPCELL PAK C 18 column (4.6 mm ID, 150 mm length, Shiseido, Tokyo, Japan). The column was conditioned beforehand with 85% aq. methanol as eluent at a flow rate of 0.5 ml/min. The eluate of the column was introduced to MS without dividing. Positive Turbo Ion Spray ionization and SRM (Selected Reaction Monitoring) detection mode (m=z 315.2 as precursor ion; m=z 271.2 as product ion) were used. Momilactone A was usually eluted at a retention time of 5.6 min under the above conditions.
Results and Discussion
Rice husks led to stimulation of mycelia growth in mushrooms Rice husks stimulated the growth of mycelia in mushroom C. cinereus when supplemented at a concentration of 10 mg husks/ml to the culture medium (Fig. 1) . This stimulation was observed not only by application of non-treated husks but also by application of methanol-soaked husks. The activity of the nontreated husks, however, was less effective than that of the methanol-soaked husks. The mycelia growth on MYG medium by the methanol-soaked husks was stimulated in a dose-dependent manner up to a concentration of 80 mg/ml. But growth was stimulated up to a concentration of 20 mg/ml by the non-treated husks, and was dose-dependently suppressed above that concentration. As shown in Fig. 2 , the stimulatory activity of rice husks became evident after 1 h reflux in methanol and was retained even after 5 h of treatment. This indicates that the inhibitory activity in rice husks is attributable to the presence of lipophilic compounds. To find why the residual rice husks stimulate the growth of mycelia, the stimulatory activity of the aqueous extract of the residual rice husks was examined. As shown in Fig. 3 , the aqueous extract stimulated the mycelia growth in a dose-dependent manner up to a concentration of 2 mg/ml. This indicates that the stimulatory activity is attributable to the presence of hydrophilic compounds.
Inhibitory factors on mycelia growth in rice husks
Lipophilic antimicrobial compounds including momilactone A are contained in rice husks. [8] [9] [10] Among these lipophilic antimicrobial compounds, momilactone A is more abundant than momilactone B, although it shows 5-10 times lower fungicidal activity than momilactone B. [10] [11] [12] Hence momilactone A (MLA) should be one of the components in the methanol extract and should play some role in the mycelia growth inhibition of C. cinereus. As shown in Fig. 4 , MLA inhibited mycelia growth at more than 5 mg/disc, while the methanol extract at more than 1 mg/disc did so in a similar fashion. Quantification of MLA in the methanol extract by LC/MS/MS indicated that 0.2 mg of MLA was contained in 1 mg of the methanol extract. Ten mg of the methanol extract exhibited 36% inhibition, and it contains 2 mg of MLA which shows 7% inhibition (Fig. 4) . Thus the inhibitory activity of rice husks on mycelia growth might be partially attributed to MLA, but mostly to other lipophilic antimicrobial compounds.
Stimulation of mycelia growth in cultivated edible mushrooms
Four edible mushroom species, G. frondosa, L. edodes, P. eryngii, and P. ostreatus, were stimulated in their mycelia growth by rice husks. Lentinus edodes showed growth stimulation dose-dependently up to 160 mg/ml by both non-treated and methanol-soaked husks, and the activities attained 64% and 78% stimulation respectively (Fig. 5B) . Pleurotus ostreatus showed similar responses to L. edodes up to 40 mg/ml, but no increase of stimulation at the higher concentrations by non-treated husks (Fig. 5D) . Contrarily, G. frondosa and P. eryngii showed growth stimulation by non-treated husks up to concentrations of 5 mg/ml and 20 mg/ml respectively, but growth inhibition at higher concentrations ( Fig. 5A and C) . By the methanolsoaked husks they showed growth stimulation up to concentrations of 160 mg husks/ml dose-dependently.
Watanabe et al. found that momilactones did not show any inhibition on bacterial species Xanthomonas oryzae, although they had antifungal activity against P. oryzae.
12) Yamanaka et al. also reported that several races of P. oryzae showed different sensitivities to momilactone A, B and the analogs. 13) Therefore the different responses of the mushrooms tested to the nontreated husks may be attributed to different sensitivities to inhibitory substances such as MLA by one species to another. This is perhaps one of the reasons trials to utilize rice husks to cultivation media for mushrooms have been unsuccessful.
Although methanol soaking of rice husks is more effective for the growth promotion of mycelia in mushrooms, the biggest problem that prevents its practical use is the cost of methanol treatment. Thus the most practical way to realize the shortening of the cultivation period of mushrooms would be the addition of non-treated rice husks to cultivation media, of which the amount varies from one species to another. In addition, it might solve some of the problems arising from the disposition of rice husks. Isolation and structure elucidation of the stimulatory principles are now in progress. These compounds might be future candidates for growth promoters of mushrooms.
